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Understancimq 



RssS-tsms PCR, 8feo csiisrf quantitative 
PGR wqPCH, osR provide a ssrnpte 
and elegant rrssthod for d&tefminmg 
the arnoiint d a target sequence or 
gene that is present in a ssntpie, its 
very Simplicity csr* sometimes iead to 
probtems of overiootcirig stws of the 
criScsi factors that rrm* it work. This 
f«wew wiS highlight ihase factors that 
must be cooskfersd wfeen sstfog tip artd 
©raJustag a res>-tio>8 PCR i 



C; ttfwsstoW SYcfej is. the intersection 
between an sropijfoftBKi ciave ssid s 
thr«sshok3 i Figure IBs. it s-s a retetsve 
srsssstif® 0? th» cxsrscsrsfratisrs df target 
in the PCR reaction. Many fetors impact 
tb« absofcte vskre ssf C ; besides the 
caricaritraticsrs c? tfw target We wis 
discuss trie west sssrsmcr! f 




Figure 1 snows severs? parameters 
of the f«stens r®acsion ssnplificBtian 
ptet. The expanse phase in Figure 
18 coiieepsrids to She Sne^r phase ist 
Figure IC.The threshold mm be set 
is? trse isstesi phase of the am&l:tii'st;o:'> 
p?ot in Figure 1C The Cj vskse increase: 
with s dsssessistg amount of tsrrspisie. 
Hov*»v<sr. 8:'<yth«':g from the nssciioft 




C:,. sr-d efescssbs how to « 
peito^Ti-a^oe of .3 ;e3;-tiit~3: i-CH re8ct:-or>. 



vsius.Trssrefef®, the C r values from PC R 
reactions run «f<d«f dj^ereo!. conditions 
of wsth dsffsrsrst nsagsr.ts ssrtaot hs 
compared d"e?"tiy. 

Ths Effect of faster r^ix Ccsfrspananta 
The ffoofssscsrst emtsstsn of any 
mofeoute is dsperxferrE on «wkon?rsentsf 
factors siioh as the pHafs solution 
assef salt ooncefsirstion. Figure 2 
shows ttss raw fisjosescsncs data of s 
laqMasi* prose in the hsefcgratsftd of 



two different roaster nixes. Notethst 
ths fSuorescwes intsnsity is higher in 
Master Mix A et«?t though the target, 
probe arsa BOX™ coneentfstkwis are the 
i if- both esses. 
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! hs rsrsuitsig ARn v»iuew&. tf-srsfor®, 
vary g$ sfvcwrs m Fs§af« S. N«i*tfeai 
tfcs bassSns fiuorescsrtee sigrisss, irs 
s ten-piste-todsparrderA factor, airs 
differed, for -he- two roaster rnrx&s 
{Fioase SAi. Vadsiioris in C vases do ;>o* 
f effect the sveraft perfotnssnce of tfcs 
rsactscR system (Figure 38). blaster 
mixes v-vsth equivalent ssnsrdvhy may 

ftQX " Pssssva Refererscs Dye 
Trie Rri vsiua is c.ai-c: :ia?«d s- t?s« ?stfe 
of RAM'" fisjoissoencs divided by ihs 
R'DX" fkscre30WK» ■. Therefore, a tows? 
amount of BOX woutd practises a highs? 



APPENDIX B 

vs-a« assssB»KS FftM fi«s?«scencg 
signer siays ihe safr*. Thss wo*M 
read to ar* tocrssse irs baseiirre Rrs ami 
safcseqijemSv a sivsife; &Bs\ as wefi as a 
different C, vsUse. The different C T vaitse 
ofotsmed by tows-ing the BOX tovei has 
no bearing on the true sensitivity of th-a 
feasors, but oars have other urilrst&ncfed: 
Dorss-joiisstces, Low RQX ccnse*s3rs!kx? 
can rssiM in increased standard 
deyssisofi of the C^vakts, as shows 
«j Bgui* 4, The grestsr the standard 
o'^Vs^tion, ?ne -ewe; t?"se cordsderscs irs 

in targstt concentration (sae the prsoisisn 
sect'ors or the nest pageX 



Effti-isncy of a PCR Raactssrs 
Tfe» efficieRCV of a PGR reaction essi 
aiso affect C f . A dikrhon s-srfe.s amplified 
ynde? few? efficiency ccarsdHasrre coisid 
ysefci s standard curve with a different 
stops thsn sne a Rifled undet high 
efficiency condiito:vs. if: Figure 5, two 
ssmpies <X srsdV) ampsified unde* 
tows snci h;gh efficiency conditions 
show di#«f«m. C,. vshsss for the sam« 
target conceo'fSviO". in tnis sxarnpie, 
adhougf; the high efficiency conditio?; 
;Sh® bias ciave in Figure 55 gives 3 iatsr 
C ; at high :>■:'«-=■:•:. it gives »stte? 
sensitivity si tow iargst ocricsntrstion 



A ™ 



\ 



s "-A- has f&H&vmi* cwxs txgttom. f*» tSmtsM 
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The PC?- efficiency is dspepdsrit on 
the assay, she master mrx performance 
and sample qua&y. Gsneraiiy asking, 
«r efficiency between 80-110% is 
ce«vskfer«S accepts bis, 

f ha observat 0 : *i that the vai : oe 

pfockiosd from one sample is higher then 
•hat of the otfw, ooutd bs sa&jsbfe in 
oonckiding that the amount of template 
is iesrs in she fire! sample, assuming 
otter factors audi as iRstsyrrawrts, 
reagents and assays ars equal However 
this is not tfus if different instruments, 

rear.i^r:i:.S. pri'T^-?^: SnCi 0!"OOC-;- Ol" rC-i::0r:On 

volumes are Involved irs producing the 
two C T s. Therefore the absokste G r valise 
corepaflssn is onSy rossningfrii when 

GOSTipS nfsO: eXpefBTSSRtS SS85 tse S-3me 

reaction conditions as dsfirsed ahoye. 

ROW in ^Vc!> : .;^\-" v?nn J 'v-M'v ■ \ 

in of cie? to oompaie two reactions 
where s cwKSrtion is changed ;for 
example iwo dlnerem master i~niyes or 
two different instrument;;;,. She following 
pansroetsrs rmsit fee evalsssted. 

Dynamic Range 

To properly evafoste PGR efficiency, a 
rosnirowrn of 3 replies ies and a rosnirs&srn 
of 5 logs of tsro plats ca?ceo£jsSoo 
are necessaryi The reason for this 



S«§§*Stsd =SfsfS= of rigor is Illustrated 

s« Figure 6, which d*f?vjnstf3t«s the 
possible rr-afchemsfes* variation of 
slope/efficiency octs os-is when tsstirrg 
dikstions over : Jog vs. £ kxjs.'Thus, 
even sf the assay is 100% ehicssnt, one 
can get a range from 70-170% whan 
testing a dilution series of a singfe tog. 
due to tfe standard deviation in one 
cSfertkm. Doing the saros n-jrnbsr of 
d!!USlons:hepilostss ofi s S-loo: range, the 

ffissra that if we find 3£% efficiency 
on a 54og ranee, the asssy would hav* 
a range af §8% So 100% efficiency. To 
acciirsteiy deterrnins the efficiency of 
a PCR reaction, s S-iog dilution series 
miisi be performed A stops of -3.3 
*/• 10% tsffeota sn efficiency of 100% 
+/- 10% . A PCR rescBon with fewer 
effciefi-cy wi£ have lower sensitivity. 

H 3 Veiue 

Another critical smumti* to evaluating 
PCR efficiency is B v , which is a iKatishcal 
term that says tsmt good one value is at 
predicting another, it R s is 1 ttrsn yois 
cisn p«!ffes:i:y ersdicf tfis vsiije of 
X fqiisnttty; wilb tt?« vskjs of Y fC ; -! 
IFigurs ?W, if is 0 ; then yoy cannot 
prsdxs »sb vaiue of X with the value of ¥ 
{Figure 73). An R s vaii-s >D 83 prowttes 
good confidsnce m corrsiaiirio; tuxs ^'siLiss, 



Prscmort 

Ihs stsndaid deviation isq>jsrs root 
c^r tPe- Vrtrionc^i ts tne ri'iost uo^T^rTion 
measure of predston. if many data 
points srs sioss to the shears, the 
stendard deviation: is srriaif; if raarty 
dats points sra far from ths wean., 
ihs stanciiard dev^at^on :s i : ar^e. 

i« praosioe, 3 data set with s «uff : icier?t 
number of replicates fwms m 
sppfo^smstsiy norma; EfeJnfesAon. Tnis is 
f !-eqiien% justified by the oisssic centra* 
arret theorem which states that sums oi 

fsndOiTS vsriabfes tend towards the 
norms; disribii fieri as a Srnit As stowi 
if: Figvire 8ft, :;•».;: S8% of the vsfess srs- 
isrifhsn t stsndard devistsofi of the mean, 
about S5>% of the vaiuss are within two 
standard osivia;icr: ; s, sr^d shout 83.7% lis 
wsthin 3 siari&rd cessations. 

if a FCR is 100% etficierst, ihere sons 
C y between the n-;ssn of a 2-fofd rfiiotior; 
irigurs SS). To be ahse to- gyai>tifv s 
2-ksd dsi'jficn sr; mors; than 83,7% of 
ssses. the stsndsrs deviation has to 
fee s 0. 167. The Qrssierthe staridsrd 
deviation, the icwer tho shiitty to 
distfrrgnish between 2-fo;d dtiotrons. 
To bs ante to discrin-iinare between a 
2-foid difudor; in »re siisrs 35% of 
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cases, the standard o'sysatson has to 
bs s: 0.2SD ;F:gors 8Q 

Ar>y oystscs ccpsfcis of effecw&Jy 
&fr$*fysRg s<sd detscisftg oris copy of 
oiarting issmptats has schieved itss 
ui&nai* fevei of wssksvSy regardless 
oftbe absolute va&e of fee Q. 

As described Banter. efficiency is s fcsy 
: scsor arts-o-c r^ the s;=cs<hv;r v 
a resetter! {Figure 5). Another iroportsm 
oorssirfefstssn w;rh dot-acting vsry sow 
copy numbers is that -he cSstrfbutks?? 



APPENDIX B 

s* iervspfete woyid not be sxpecJsd 
to be norms!, srsstesd, it wotsd feiiaw 
a Posssofi distnbiiPon which petelets 
8585 sn a isrge nearer «f represses 
eorjtsteins so svs-rag» af crse eesy £?f 
starting terysptste, sfceut 37% snoiiid 
3at:i3::y haws «o copies, o«Sy sboyt 
37% sf-ouSd contain om copy, sad 
about 18% should contain two oopiss 
;ses Figure 9). 'Thus, for a fsSsafeie lovv 
copy deSect!o«. a large number of 
rspifcatos srs necessary to provide 
statistics: s::gfssucaf?ee sn<5 to cyercoms 

too Fc:SSC:0 OiSt.rioCtiOO lifOitatiOiT 



"fisess factors - efficiency; R\ 
pfBeisioo, serrsitiyity - are sised to 
determins perforfrsaf-cs of s PGR 
reaction wh«i comparing, different 
reaction oandrtiorio. For s rigorous 
evaluation, aSi Actors listed in Tsbte i 
roust be evaluated together. 

in adsiteof: to iftsss factors, proper 

SXpSfilTiSi'ltsi CCfn&'CSS {wdto S:S CO 

template control, no RT controii and 
template q<js;ify must be svtsiueted 
andvs-Sfeed. 





t: : -. :: '.C >\C\": •:'.-:;> < t:':-;": V;::':':CSv Y : ^ -X: vv: : ::V:':'V <".-:'> OivV ::V?-"i-' - : C ;\- ; •; :>< :C:.::c : :Cr: vv<: :\CC;* Cv :-;: :C ::'-.S :: I ::^:>-'»; 
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iSSSSnS f?jr fey* KSifiV 
Sf SSmpiS ipSSSJt to SB 





Amptiftcstioit Riot 

An srcpltf season piot is tfie pfot of 
fksofsscence siyrsai versus cycis 
nm&Mt. Rmatmm sna dssracferserf 
by the point m t»m during cycfinQ 
wf»« SirspSifssaiisssri of a F€R product is 
fifsS ttetected The htgbv Sse starting 
copy rurotser of the nucfettc sosd target, 
tte sooner a sgreficaja Increase s; 
ftoescsrs>s is obssrvsd 

Base!Srt* 

f« She jrettst cyctes of FCR Shew is 
iittie orange in fiuoresoe-fsGe ssgraf 
This dsisnes the bsseiino to* the 
ssTripiifscstiosrs piot. ifi these cydsss ivs 
see the iiusnssoenss fessacgroo.'vd of 
She reactors. This sviii be subtracted 
from the rassufts when setting tire 
bssaiws. vFbr mfofmation of how 
to set tip the isseiifie, dowfilsssd 
the document 'Appiisd ecosystems 
73OO/7SO0 Resi-Tisyse FCR SystsnA' 
FN $347325 fro«! She Appiied 
Bio systems webs fie 
www.appiisdbsosystsrBsxosri; 

Dsfts 53r> 

ARn s the r©rm^izati©a of the Bn 
ob;a:rssd by subtracting ths bssaiirvs 
iAiir; = fir: ■ baseHnsS. 

Passive Referenss 

A dye that provides an internal 
fiuofescencs reference to which 



xhs reports? dys ss§r»l caa be 
no? nrssised drifts dats sosiysrs. 
^k.Ti^sfo:sh«:> is rseosasssry to eos-rect 
fat fUsorsscsocs floctuatiorss cs-jssd 
by change in coRcentrsttofs, volc-nrse 
of sampis effects. 

S"'CR tLfttcfensy 

The eqwsisof-s bs-isjw describe the 
expcfssntsS aropBffcstsorc of PCR 

Cfi-C? * <1 + E>* 

Cs - iisiiisi copy rvusrsber 

i~i =■ i^fTibSS" cf cycles 

E -■=■■ efficiency of target asr^SfjcafeoR 

equason is: Cn-O - 2" s?d a -rssns 
that the fold mcfeetss wiii be 2 st ssch 
cytie. if the efflsienoy deosssss, the 
qysntiiy oi FOR; p*c : d5.:c-S aenerstsd 
at asch cycie wili deaease srsd tfis 
srriplifscs-ioft plot w« cisssyo:;. Trso 
f&coR'siTisjided effsosesscy ss between 
8&to m%.. 

Reporter dy« is «h« dye sSscbed to 
the 5" s:>d of the TsqMsn® prcco. lb« 
dys provides s fluorescence sigfisl 
thst ifidfostes specific si^piificsticn it 
SVBR S Green i is assd, this dye tands 
deiihie-stisf ;ded DMA artd the increase 
of tbo^iscsrice signal iisdicatss 



sfvipiiiicafio:'; as Specifcity 
shotifd be checked with a ?T : eit curve 
fA»vw SYBH 5 * Gra«C! PCR MaaSw Mis 
arsd RT-PCB Protocol: p^j *S36721S) 
or gei s«aiysis of the PGR product. 

Rn 

^ormslsed t»po««r is ihs ta&o of the 
fluorescence srrasssors inter? sity of 
ire reporter dye to the fSucfes&sncs 
ern:ssiori tfttensjtyotthe passive 
refers dye. 

Threshold 

A ievsi of ARf? used for the C.- 
0:£tenYi>r;.ci::C^ rea?-ii:":'> i s assays : he 
isvsl is set to be above the bsssiins 
3!"id SLifficientiy iow to be wsihisi: th« 
sxponsrstsai grawrth regior; of the 
sropiifsostior; curve. Tfse thrssiwid 
is the i;ns whose irtersectsod with 

'htl -3":' ; P : ;t:C ; ;3>,:0:": pict deti^es tfi-S Ov 

iihre&hoid oyds,5 For itifcxmstiof! on 
fesw so set the thsesiioid, downioad 
the docun^eot "pplisd Bio&ysfeois 
7300/750-Q Red-T««© FCR System'' 
FN 4347825 frsssTi ths Apitod 

www.appS isdbio sy stems . corn: 

threshed Cyei*|C-ji 

The frsctsoiss! cycis ftun^fesf at 
which ths f iiiorosicsocs pessos 
the threshold. 
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